This paper is an empirical study that seeks to determine whether any of the Middle East and North Africa (MENA) stock markets are vulnerable to financial contagion in the wake of the 2001 Turkish crisis. We test the nonlinearity of the mechanisms spreading shocks, estimated with a model of long-term interdependence. Our results provide evidence of a high level of interdependence between MENA stock markets. However, we find that, with the exception of the contamination of Israel's stock market, there is no longer evidence of shift-contagion in the transmission of financial shocks across MENA stock markets.
Introduction
During the past decade, the financial liberalization policies adopted by the developed economies in the Middle East and North Africa (MENA) have increased integration between the international financial markets of the region. Several studies have suggested that increasing global integration is beneficial to growth and employment (Collins and Abrahamson, 2006) . Other studies showed that the high integration among international financial markets generally increases the interdependence between them. Hence, present MENA stock markets display opportunities for international diversification (Bekaert and Harvey, 2003; Lagoarde-Segot and Lucey, 2007) . On the other hand, the downside to high integration is an increased sensitivity to capital flows and an increased exposure to the transmission of the negative shocks; the more integrated markets are more vulnerable to the effects of a shock in another country. In fact, for Colins and Biekpe (2003) , the spread of a crisis depends heavily on the degree of financial market integration since the international investors are actively investing in the afflicted markets. The transmission of the shocks results from financial panics and herding or switches of expectations of multiple equilibria (equilibrium with speculative attacks vs. equilibrium without speculative attacks) (Masson 1999) . This phenomenon has often been described as contagion (Forbes and Rigobon, 2002) . To explain this phenomenon, Park and Song (2001) suppose that if the financial markets of the countries in the region are tightly integrated then market participants will expect to see co-movements in financial asset prices in those markets. This condition may give rise to the contagion of a shock. For Goldstein and Pauzner (2004) , a large decline in equity prices in one country may result in a large capital loss to the international investors who diversify their portfolios. This may induce these investors to rebalance their portfolios for a preoccupation of risk or a liquidity management (escape towards quality). This shift in the behaviour of investors consists in a shift in their expectations. Forbes and Rigobon (2001) refer to crisiscontingent theories and give this phenomenon the name "shift-contagion". The authors assume that investors behave differently after a crisis, implying a generation of the new temporary channels of propagation in addition to the permanent channels which characterize the interdependence between the economies. Empirically, the generation of new temporary channels corresponds to a nonlinearity characterizing both the asymmetric equilibria of stability and the crisis of the contaminated economy. By contrast, in non-crisis-contingent theories, there is no difference in the transmission mechanisms between both crises and stable periods. Along the same lines, the shocks are propagated through strong linkages between countries, such as trade links (Gerlach and Smets, 1995; Corsetti et al., 1999) , financial links (Kaminsky and Reinhart, 2000; Van Rijckeghem and Weder, 2003) or common shocks (Masson, 1999; Forbes and Rigobon, 2001 ). Forbes and Rigobon (2002) used the term interdependence to refer to this situation.
The objective of this paper is to investigate this issue in the context of the MENA region. Indeed, contagion vulnerability in the MENA region has received fairly little interest despite the significant equity market change in the region since the 1990s. Table 1 shows the major MENA stock markets development in terms of sizes, maturity and capitalization. Hence, the study determines whether any MENA market, which seems start to integrate emerging markets, is vulnerable to financial contagion during the Turkish crisis of 2001. (2007) a Market capitalization/GDP' is the market capitalization at the end of each year divided by GDP for the year b 'Liquidity' corresponds to total value traded for the year divided by market capitalization.
c 'Listed companies' are the number of listed companies at the end of the year.
Although these countries are less financially integrated because of capital controls or a lack of access to international financing, Lagoarde-Segot and Lucey (2009) suggest that contagion may be caused by the cognitive convergence of domestic investors during the global financial turmoil. This study's aim is, thus, to estimate a model for financial interdependence and to detect nonlinearity in the international propagation of shocks among the MENA countries. For this purpose, it uses the Escribano-Pfann (1998) approach in order to test the nonlinearity of the mechanisms for spreading shocks, estimated with a model of interdependence. Its test for the presence of shift-contagion thus proceeds in two stages: In the first one, it tests the possibility of the presence of a co-integration relationship between the stock markets. Such a relationship shows the existence of the permanent channels through which the shocks are normally transmitted. In the second stage, it tests the assumption according to which these channels were modified during the period of crisis. In other words, the study tests nonlinearity in the behaviour of short-run adjustment which leads to long-run equilibrium in an Error Correction Model (ECM) using the Escribano-Pfann (1998) approach. Using some of the daily indices of the MENA stock market as measurements of the risk aversion of investors to risk premium, this research shows some results related to the identification of the shift-contagion in the MENA stock market during the Turkish crisis.
The remainder of the paper is organized as follows: Section 2 recalls different measurements of the shift-contagion and their limits. Section 3 outlines the methodology followed. Section 4 presents the data and the obtained empirical results. Section 5 concludes the paper.
Shift-contagion Measurements
In order to identify a possible shift-contagion, several methodologies were then used to test for the nonlinearity of the structural shocks (Favero and Giavezzi, 2002; Wälti, 2003; Bonfiglioli and Favero, 2005) or to investigate changes in the existence and directions of causality between the financial markets before and after the crisis (Masih and Masih, 1999; Sander and Kleimeir, 2003; AuYong et al., 2004) . However, there are extensive empirical studies investigating the stability of the international propagation of financial shocks by a correlation analysis. In the empirical literature, shift-contagion is measured by a significant increase in the degree of the cross-markets financial links (approximated by the correlation) between tranquil and crisis periods (Baig and Goldfajn, 1998; Forbes and Rigobon, 2002; Rigobon, 2003) . The pioneers who used this methodology to test for the presence of the contagion are King and Wadhwani (1990) . They found that correlation between the United States, the United Kingdom and Japan's stocks markets had increased after the U.S. crash of 1987. However, tests based on an analysis of conditional correlation admit to several limits. The use of high frequency financial series affects the test through three types of bias: heteroskedasticity, simultaneous equations and omitted variables (Ronn, 1998; Forbes and Rigobon, 2002; Rigobon, 2003; and Yoon, 2005) . In order to correct these problems, a structural change test (determinant of the change in the covariance matrix test) to test a structural break in the correlation across financial markets was proposed by Rigobon (2003) . His results showed that the increase in the correlation between these stock markets did not result from instability in the mechanisms of propagation during recent international financial crises (Mexico 1994 , Asia 1997 and Russia 1998 , but was rather the consequence of a strong interdependence during the crisis period as well as during periods of the stability. Recently, Jokipii and Lucey (2007) used the DCC test for the banking contagion context. They examined the stability of the banking sector co-movements between the three largest Central and Eastern European Countries (CEECs) over the last decade and found evidence of the contagion from the Czech Republic to Hungary. All other market co-movements were attributed to interdependence. Most recently, LagoardeSegot and Lucy (2009) used a battery of bivariate contagion tests based on the correlation approach and found evidence that the MENA markets suffer more and more from contagion of the major crises in the last decades. In particular, their results suggested that the probability of being affected by contagion seems to increase for Israel and Turkey because they are the most developed markets in the MENA region in term of size and liquidity, and become more integrated in the world's markets. Although the conclusions of the contagion test based on correlation were interesting, the results were not considered robust. Indeed, the size of the crisis window had an important influence on the sensitivity of the results (see Billio and Pelizzon, 2003; and Dungey and Zhumabekova, 2001 ).
In order to solve this problem of crisis window definition, Caporale et al. (2005) tested for the stability of the propagation mechanisms using an approach based on an estimate of the full sample. They corrected the heteroskedasticity, assuming that the structural shocks following a GARCH (1,1) process. Their results suggest the existence of the contagion between the Asian stocks markets. Using the same approach, McAleer and Wei Nam (2005) also verified the contagion between the Asian foreign exchange markets. In contrast to Rigobon (2003) , other studies tested for the stability of the propagation mechanisms using the full-information estimation Giavazzi, 2000, 2002; Wälti, 2003; and Bonfiglioli and Favero, 2005) . Indeed, Favero and Giavazzi (2002) showed that this approach provided a more powerful test. Wälti (2003) introduced a proxy variable for the international common shocks (Monsoonal Effect), and found that the null hypothesis of the stability of propagation mechanisms between Asian stock markets is largely rejected. To solve the problem of the crisis window definition, Gravelle et al. (2006) developed a method for detecting shift-contagion using a bivariate regimeswitching model in which common shocks move between low-and high-volatility states. They tested the null assumption of the absence of contagion according to which the propagation mechanisms of the idiosyncratic shocks does not change even when major a common shock occurs. Formally, shift-contagion is identified when the ratio of the impact coefficients for the common shocks of the two countries will be different during crises than in normal periods. In fact, this change is due to the increase in the interdependence between these two countries over time. Gravelle at al. (2006) applied their method to currency markets for some developed countries and bond markets for Latin American countries. Their results suggested the presence of shift-contagion for European countries, and confirmed the results of Rigobon (2003) concerning the little evidence of shift-contagion in Latin American countries. Flavin and Panopoulou (2006) employed the methodology of Gravelle et al. (2006) between pairs of East Asian equity markets to identify shift-contagion caused by the 1990's financial crisis. They found little evidence of the presence of contagion between the financial East Asian markets.
Despite the importance of all these methods that permit the testing of shift-contagion in the presence of interdependence, they don't discriminate between short-run and long-run interdependence. Cashin et al. (1995) analysed the contagion effect using the error correction model for some integrated stock markets with similar behaviour in the long run. Tan (1998) proposed an alternative approach to assessing the extent of contagion. He tested co-integration between crosscountry stock prices and specified the Vector Error Correction Model (VECM) to capture short-term effects that may be conveyed by fundamentals and herding behaviour contagion. Therefore, the author distinguished between the fundamental contagion captured by the error correction term, and the shift-contagion captured by the first differenced components of the VECM. He confirmed the contagion effect during the Asian financial crisis. Bonfiglioli and Favero (2005) distinguished also between long-run and short-run dynamics for interdependence. In line with Favero and Giavazzi (2002) , they verified the instability of the propagation mechanisms between the United States and Germany's stock markets using a Vector Error Correction Model. They found existence of the long-run interdependence and nonlinearity of the idiosyncratic shocks between the two markets. Recently, Ayadi et al. (2006) proposed a new methodology for testing the nonlinearity of the spreading shocks' mechanisms among five Asian sovereign debt (spreads) markets. In line with Tan (1998) , they considered that the error correction term captures the fundamental contagion that represents the permanent transmission mechanisms according to non-crisis-contingent theories of Forbes and Rigobon (2001) . Therefore, to identify shift-contagion, these authors tested only the nonlinearity of the error correction term in the error correction model. Their results prove that Malaysia and the Philippines were contaminated by contagion during the financial Asian crisis. In this paper, the methodology of Ayadi et al. (2006) is used for testing shift contagion. Contrary to previous research, this procedure enables the authors to solve the problem of crisis window definition by using the totality of the period in their estimation. The paper is interested in analysing the vulnerability of the MENA stock markets to the shiftcontagion.
Methodology
Like Rigobon (2003) , this work defines shift-contagion as the rise in cross-market interdependency after a shock caused by one or more countries. The rise in interdependency must be associated with a nonlinearity that shows the generation of the new transmission mechanisms of the shocks among countries (Favero and Giavazzi, 2002) . Those new mechanisms did not exist during the tranquil period. Indeed, they reflect the switching in the investors' expectations. This paper distinguishes between long-run and short-run interdependence for different markets. Indeed, the long-run interdependence is generated by a situation of integration between the financial markets. Shift-contagion is then identified via a model of long-run interdependence represented by a co-integrated system. Hence, it is necessary to estimate the structural financial interdependence model 1 that has an untraceable form. To achieve this purpose, a reduced form of ECM specification is used. Indeed, if two time series x t and y t are nonstationary, integrated of the same order and their linear combination z t 2 is already stationary, the two series are said to be co-integrated (Engel and Granger, 1987) . Thus, an ECM is estimated that represents the short-run dynamics and which maintains the long-run equilibrium between the two series: ( 1) where t  is the error terms assumed to be independent and independently distributed with zero mean and unit variance. z t-1 is the error correction term.  is the adjustment speed parameter, measuring the error-correction mechanism that drives the y t back to their long-run equilibrium relationship.
For Forbes and Rigobon (2001) , the linear co-integration relation shows the existence of the permanent channels of the shocks propagation between the financial markets. Indeed, as with Tan (1998) , this study considers that the error correction term may be the appropriate representation of these permanent channels. In the structural form of the financial interdependence model, these channels are represented by the parameter  of the long-run equilibrium equation. In line with Bonfiglioli and Favero (2005) , this parameter, that describes the long-run equilibria, represents the long-run interdependence. Also, note that the coefficients i  and i  in equation (1) capture the short-run responses of the domestic stock indices due to changes in lagged values of the domestic and other countries' stock markets. The issue represents short-run interdependence. For Tan (1998) , it may represent herding behaviour of investors.
In order to identify the shift-contagion, the study extends its analysis by testing the nonlinearity of the permanent channels of the shocks propagation from x t to y t, according to Favero and Giavazzi (2002) . For this, the study tests the nonlinearity of the interdependence model by testing nonlinearity in the behaviour of short-run adjustment which leads to long-run equilibrium using the Escribano-Pfann (1998) ). As a consequence, it is noted that if the ECM is nonlinear, the behaviour of the propagation mechanisms captured by the parameter  changes during the crisis period since this work distinguishes a significant increase in the degree of the co-movements between the financial markets.
Thus, the nonlinearity of the ECM shows a significant rise in cross-market interdependency after a shock. It then shows the existence of shift-contagion. Of course, with linear ECM, there would be no change in the interdependence between the two stock markets over the complete sample. Therefore, there would be no shift-contagion, by definition. On the other hand, in the presence of the nonlinearity in the co-movements, there can be change in the interdependence between stock markets. Hence, the new representation of the ECM with asymmetric adjustments is: In line with Escribano-Pfann (1998) , the hypothesis of linearity of ECM is rejected if δ1 is significantly different from δ2. This work confirms the existence of nonlinear error correction mechanisms, and then interprets this result by the existence of the shift-contagion that propagated from x t towards y t . Finally, note that to correct the heteroskedasticity problem, the errors t  are assumed to follow a GARCH (1,1) process.
Data and Empirical Results
Following Tan (1998), Masih and Masih (1999) , Baur (2003) , and Rigobon (2003) , weekly closing stock market index prices from five MENA countries are examined in this study: Egypt (EGY), Israel (ISR), Jordan (JOR), Morocco (MOR) and Turkey (TUR). The study chooses a log-transformation of the data in order to interpret the links between variables in terms of elasticity. All indices are denominated in US dollars. This allows this work to undertake the point of view of the international investors. The data are sampled over the period from January 2, 1998 to December 27, 2002 (yielding 261 observations), and obtained from the MSCI database. The use of weekly data is preferred, in order to avoid the problems of non-synchronous trading across markets. The sample period contained the crisis windows started in November 2000 with a rapid capital outflow from Turkish financial markets 3 (Akyüz and Boratav, 2003) . Table 2 provides the crossmarket correlations and some descriptive statistics for all of the countries analyzed. its cointegration analysis by applying the unit root tests for all series of its sample. In addition to the Augmented Dickey Fuller (ADF) test, it also uses the Phillips Perron (PP) test, which takes into account in a nonparametric way both the autocorrelations and heteroskedasticity bias. Table 3 provides the results of the two unit root tests on levels and first differences of logs from all series. The tests reveal that all series are integrated of order one (I(1)) at 5% level. As such, it is possible that some combinations of them are co-integrated. This work therefore uses the Johansen's approach to test this possibility. (-2.87 ) at the 5% level (source: Kwiatkowski et al., 1992) . Table 4 shows the results of the trace tests which provide the maximum number of cointegration relationships. As shown, the null hypothesis of absence of cointegration is rejected. On the other hand, this work accepts the null hypothesis of existence of at most only one cointegration relationship between the selected stock indices. Thus, Johansen's test shows that a single cointegrating vector exist without indicating the cointegrated variables. Indeed, the value of the trace test and Eigenvalue test are significant at the 5% level. Nevertheless, the evidence of cointegration between MENA stock markets is consistent with the existence of high long-run interdependence between them. The result is similar to those obtained by Darrat et al. (2000) and Marashdeh (2005) which reveal the existence of the cointegration relation between some MENA stock markets. This result is quite admissible since the countries of the current work's sample are the most advanced markets in the MENA region in terms of size and foreign participation. Thus, it appears that there are permanent channels which assure the international propagation of financial shocks among these countries. The critical values are given by Osterwald-Lenum (1992) . As shown before, in the presence of cointegration, there always exist a corresponding ECM which represents the comovements between stock indices and the possibility that they will trend together in establishing a long-run equilibrium or a long-run interdependence. Indeed, ECM estimates the propagation mechanisms of shocks (captured by errorcorrection term) from independent or explanatory stock indices (xt in equation 1)4 to the dependent stock indices (yt in equation 1). To control the heteroskedasticity problem identified by the ARCH test, this study estimates the ECM equations with GARCH (1,1) process. The estimations using the maximum-likelihood method are thus reported in Table 5 . The numbers in parentheses are t-statistics.
** Significance at the 5% level. * Significance at the 10% level.
a Results of ARCH test after estimation without GARCH (1,1) process.
b Results of ARCH test after estimation with GARCH (1,1) process.
In fact, since these ECM equations require normalization (choice of a dependant variable), the study reports estimations where it uses an endogenous variable for each equation. As shown, the coefficients associated with error-correction terms for all equations, except for the equation of which ∆EGY is treated as the dependent variable, are significant at 5% or 10%. Their signs are negative and conform to the economic intuition. Therefore, the adjustment towards the equilibrium phenomenon is verified, except in the case of Egypt. This outcome shows that any shock in the MENA region is compensated by a reaction of the Israel, Jordan and Morocco stock markets during the full period (before and after the Turkish crisis). This study thus verifies the existence of the permanent mechanisms of spreading shocks across MENA stock markets. It proposes to then examine the linearity of this interdependence using the asymmetric ECM. Indeed, it is the linearity test for adjustment towards the equilibrium which allows identifying shift-contagion from interdependence. Table 6 reports results of the Fisher test for the nonlinearity of ECM equations and their estimations. Indeed, the estimated error correction parameters (δ1 and δ2 in equation 2) provide useful additional information for two asymmetry adjustments between MENA stock markets towards stability equilibrium and Turkish crisis equilibrium by confirming the existence of the long-run cointegration relationship that represents the high long-run interdependence between these markets. As can be seen, for all equations, the coefficients associated with − −1 t z and
have negative signs. It is in line with the expected error correction mechanisms. Thus, the condition of the adjustment back towards the two equilibria for the stability period and the turmoil period is verified. These results prove the existence of a permanent interdependence (permanent channels of the shocks transmission) between MENA stock markets, even those with a non-linear representation. However, this work rejected at 10% the hypothesis of linearity of ECM only for equations of which ∆ISR is treated as the dependent variable: the p-value of the F-statistic testing the statistical significance of the asymmetry (Eq. 1) vs. the linear ECM model (Eq.2) yields p-value = 0.1. It thus verifies the significant asymmetry of adjustment mechanisms towards stability equilibrium and crisis equilibrium for Israel's stock market only. However, the adjustment speed towards crisis equilibrium (0.06) exceeds the adjustment towards the stability equilibrium (0.0003). The nonlinearity detected implies changes in the propagation mechanisms of shocks between MENA countries. The shock transmission is especially present from Turkey -the "ground zero country"-to Israel. Indeed, these changes are generated by new propagation mechanisms arising, revealing the non-uniform risk perception of Israeli stock market investors. So, this study's results suggest that during the Turkish crisis, there was no evidence of shift contagion for any MENA market, with the exception of Israel, which is consistent with Lagoarde-Segot and Lucey's (2009) findings of the contamination of Israel's stock market during the 2001 Turkish crisis. These authors conclude also that the MENA markets are relatively immune. Their findings outline the important role played by Israel in the MENA region, in terms of financial integration of global capital flows. This implies that Israel is more heavily influenced by international investors. Following this, it is concluded that shift-contagion requires a higher participation of international investors and needs an advanced financial integration step in consequence. The variables in top are the endogenous variables of equation 1. Note that the lag length is arbitrarily determined
The numbers in parentheses are t-statistics.
** Significance at the 5% level. *Significance at the 10% level.
Conclusion and Policy Implications
This paper is an attempt to investigate vulnerability to financial contagion in the context of emerging markets of the MENA region during the Turkish crisis in 2001. Following Ayadi et al. (2006) , it tests shift-contagion by testing anonlinearity in the international propagation of shocks among a set of MENA stock market indices. Contrary to previous works, this study estimates a long-run interdependence model using cointegration analysis. It tests thereafter the nonlinearity of shocks propagation mechanisms in an ECM model that represents the short-term dynamics. Its methodology enables it to solve the problem of crisis window definition by using the totality of the period in its estimation.
Overall, its results highlighted that, with the exemption of the contamination of Israel, there is no evidence of significant change in the propagation mechanisms between MENA countries following the Turkish crisis. However, it finds that there is interdependence that generates permanent channels through which most financial shocks between the MENA stock markets are transmitted. These results have two important policy implications. First, given the existence of permanent channels of shocks' transmissions, the monetary authorities of MENA countries must reinforce their fundamentals, particularly their financial systems, in order to reduce the risk of permanent propagated regional shocks. Second, the study's empirical evidence of contagion in the MENA region is crucial to the MENA monetary authorities' decisions. It conditions the definition of measurements that can be adopted in order to avoid contagion and reduce vulnerability to external shocks. Indeed, the authorities may find it beneficial to adopt strategies of insulation in the short term so as to regulate the negative externalities of financial liberalisation.
